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The present invention-relates to the modifica 
tion of keratin and to the chemical treatment of 
smaterials containing keratin, such as hair and 
wool. More particularly the invention relates to 
an improved process for the conditioning of hair 
or wool fibers and to the products So produced. 

It has been proposed heretofore to treat re 
duced keratin with substituted or unsubstituted 
alkyl halides to convert sulfhydryl groups to 
thioethers, and particular reference is had to 
U.S. Patent, 2.418,071, issued March 25, 1947, to 
Harris et al. In such a process the keratin is re 
acted with a mercaptain, for example, to produce 
reduced keratin, as follows: 
k(-S-S-)nk' - 2nRSH---a-> ki -i. ...) -- mR-S-S-R 

. 

Reduced Organic. 
keratin- disulfide 

The reduced keratin is then rinsed and Sub 
sequently reacted with an alkyl halide, for ex 
annple, as follows: 

V (- i- k'--- 2nBI -ss) ( it an ( H. H. R. k 
Modified kera- Acid Reduced 

keratia tin withthio iaide 

Keratin Mercaptain 

20 

Alkyl 25 
halide 

ether links 

... It is an object of my invention to provide a 
process for the advantageous modification of the 
chemical and physical properties of keratin-Con 
staining substances while retaining in the modi 
fied keratin the characteristic presence of disul 
fide linkages. 

It is a further object of the invention to pro 
-vide such modified keratin-containing Sub 
stances. Still a further object of the invention 
is the provision of novel compositions Suitable 
for use in the modification of keratin-containing 
Substances. 

In accordance with my invention, the above ob 
jects are achieved by reacting the reduced kera 
tin with at least one organic thiOSulfuric acid or 
water-soluble salt of same to convert reduced 
keratin to disulfide containing the organic group 
of the organic thiosulfate as follows: 
7... 's S-N k -- 2n RSSO3Na - k, -i. S-vik-2nNaHSO3 "(...) 

J. 
Modified kera 
tin withdi 
sulfidelinks 

In the above formulas and reaetions R rep 
*resents an organic radical and the keratin mole 
cule has been illustrated by the following Sinai : , 
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plified formula understood by those versed in the 
art: 

in which k and ic' are polypeptide chains which 
are the same or substantially similar in nature 
and which are connected through the disulfide 
(-S-S-) linkage, and n is a number greater 
than 1. 

It will be observed from the above that in the 
products of my invention, at least some of the 
disulfide linkages of the original keratin have 
been disrupted and changed to disulfide linkages 
of the type. 

J. 
O 

k(-S-S-R, R-S-S-) nic' 
: ... iii.; 

wherein the organic groups R, each of which can 
be alkyl, alkenyl, or Substituted alkyl or alkenyl, 
are connected to the polypeptide chain ic or ic' 
through the disulfide linkage, in being a number 
greater than 1. 
The invention and its various applications will 

be more fully understood from the following ex 
amples, wherein-parts are by weight, but it is to 

: be borne in mind that these examples are to be 
taken as illustrative and not as limitations on 
the Scope of the appended claims. 

: Eacample 1.- The hair of a living human Sub 
ject Was Wound. On curlers and reduced in a man 
ner customarily practiced in Cold hair waving 

, operations. With a Conraercial reducing lotion 
containing about 6% ammonium thioglycolate as 
the active reducing agent. After a 20 minute 
contact period at about body temperature, the 
reduced hair, while Wound on the curlers, was 
rinsed with water until Substantially all of the 
excess thioglycolate solution was removed. 
The hair on one half of the head was then 

thoroughly saturated with a 2% solution of am 
monium lauryl thiosulfate. After 5 minutes, con 
tact, the ammonium lauryl thiosulfate solution 
Was rinsed from the hair. Thereafter the cus 
tomary fixing solution of potassium bromate was 
applied to the entire head in the conventional 
nanner. The hair was then Set and dried and 
examined. 
That portions of the hair, which was treated 

*With the annonium lairy thiosulfate had 
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Superior luster and softness as judged by a panel 
of expert observers who were not informed as to 
the method of treatment. 

Eacample 2-A solution of Sodium glyceryl 
thiosulfate was prepared by heating together 
equivalent quantities of glycerin alpha chlorhy 
drin and sodium thiosulfate in water. A portion 
of the solution containing 13 grams of Sodium 
glyceryl thiosulfate was diluted to 1 liter and 
the pH was adjusted to 8.2 by the addition of am - } 
monia. This diluted solution was compared with 
a 1% solution of sodium chlorite as a fixing agent 
in a half-head cold permanent wave comparison 
in which the hair of a living human Subject was 
wound on curlers and reduced with a commercial 
reducing lotion as in Example i. 
That half of the hair which had been fixed with 

the sodium glycery thiosulfate was more lus 
trous than was the half fixed with the Sodium 
chlorite solution as judged by observers un 
familiar with the treatment. 

Eacample 3.-In this example the effect of 
treating reduced and unreduced wool with sodium 
lauryl thiosulfate was studied. 
Two swatches of wood cloth, each 6' x 6', wer 

reduced by treatment with an excess of a 4% So 
lution of ammonium thioglycolate at a pH of 
9.3 and 100°F. for 40 minutes. The cloth Samples 
were then rinsed for 1 hour in running Water. 
One of the swatches of reduced wool, and a 

corresponding swatch of unreduced original wool, 
were exposed to an excess of a 2% solution of 
sodium lauryl thiosulfate at 120 F. for 40 min 
utes. The two swatches thus treated were rinsed 
in running water for 1 hour. 
Swatches of unreduced wool, unreduced wool 

treated with sodium lauryl thiosulfate, reduced 
Wool, and reduced wool treated with Sodium 
lauryl thiosulfate were subjected to a washing pro 
cedure with a soap solution in accordance with 
a standardized procedure as follows. Washing 
was conducted in a model H-46 Easy washer, one 
pound size, and included agitating the Swatches 
for 40 minutes at 115° F. with 15 liters of a 0.4% 
solution of a commercially available coconut 
tallow laundry soap (sold under the trade name 
Oxydol), draining off the soap solution, and agi 
tating the washed swatches with 15 liters of rinse 
water at 115° F. for 20 minutes. The rinse Water 
was drained off. The swatches were given a Spin 
drying and then allowed to dry in air. The con 
ditions chosen for this Washing procedure were 
designed to effect in one wash an amount of 
shrinkage which would be observed only after 
a number of washings under normal conditions. 
The per cent of shrinkage in area was greatly 

reduced by treatment of the reduced wool with 
sodium lauryl thiosulfate as will be noted from 
the following resultS. - - 

Percent 
Area 

Shrinkage 
in Washing 

Treatment of Wool Cloth 

46 

34 

27 

12 

Sodium lauryl thiosulfate without previous treatment 
with ammonium thioglycolate----------------------- 

Ammonium thioglycolate without subsequent treat 
ment with sodium laurylthiosulfate----------------- 

Ammonium thioglycolate followed by sodium lauryl 
thiosulfate.------------------------------------------ 

Eacample 4-A Switch of brown hair was re 
duced for 20 minutes at about 100°F. With a Com 
mercial reducing lotion containing about 6% 
ammonium thioglycolate. The sample of reduced 
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4. 
hair was rinsed thoroughly and then treated with 
an excess of a 2% solution of decyl thiosulfate at 
a pH of about 8. 
A similar switch of the same hair was treated 

in the same way except that a 1% solution of 
sodium chlorite was used in place of the decyl 
thiosulfate solution. 
Both of the above samples were thoroughly 

rinsed and dried and compared for luster. The 
switch of hair treated with decyl thiosulfate had 
superior luster as judged by a panel of experts un 
familiar with the method of treatment. 
Another switch of the same hair was reduced 

as above described and then treated with an exceSS 
of a 2% solution of decyl thiosulfate to which 
ammonia, had been added to raise the pH to 10.5. 
This sample, after rinsing and drying, was found 
to be about equal in luster to the Switch of hair 
treated with decyl thiosulfate at the lower pH 
above described, but was somewhat oilier. The 
Switch was shampooed with a commercial alkyl 
sulfate synthetic shampoo along with the switch 
treated with sodium chlorite. The two Sham 
pooed switches were compared by a panel of 
experts who were unfamiliar with the method of 
treatment. That Switch which had been treated 
with decylthiosulate was judged by the panel to 
have superior luster and softness. 
Eacample 5-A 6' x 6' swatch of wool flannel 

Which had been extracted with ethanol was dried 
for 2 hours at 230 F. and weighed. The sample 
of flannel was then reduced by contact With an 
excess of a commercial reducing solution Con 
taining about 6% ammonium thioglycolate as 
the reducing agent for 20 minutes at 100°F. The 
cloth sample was then rinsed in running water 
for 1 hour, after which it was Squeezed damp 
dry in a towel. The thus treated swatch was 
laid flat in a shallow tray and covered with a 
solution containing 3 grams of benzyl thiosulfate 
in 150 ml. of water. After the cloth had been 
exposed to this solution for 22/2 hours at room 
temperature, it was rinsed for 1 hour in running 
water, air dried and extracted for 8 hours in a 
continuous SOXhlet extractor with ethanol. The 
sample of cloth was first air dried, then oven 
dried for 2 hours at 230 F. A gain in weight of 
2.19% over the starting weight was observed. 
Also, the thus treated sample shrank Only 4% 
when subjected to the Washing procedure de 
scribed in Example 3, whereas the untreated wool 
flannel shrank 27% under the Sane conditions 
of Washing. 
Sodium phenyl thiosulfate (C6H5SSO3Na) can 

be sustituted for the benzyl thiosulfate of the 
above example, a gain in Weight and shrink re 
sistance being noted. 

Eacample 6.-Each of five 6' x 6' Swatches of 
ethanol extracted wool flannel was dried at 220 
F., accurately weighed and then reduced by 20 
minutes' exposure at room temperature to an 
excess of a commercial cold hair waving solution 
containing about 6% ammonium thioglycolate. 
The Swatches were rinsed thoroughly in water 
and then soaked in an excess of a dilute solution 
of glyceryl thiosulfate. 

Five similar Swatches of the same wool which 
had been dried, weighed, reduced and rinsed in 
the manner described above were soaked in an 
excess of a 1% potassium bromate solution. 
Each set of 5 swatches was thoroughly rinsed 

and dried for 2 hours at 220 F. Accurate weigh 
ings were made and the changes in weight over 
the original sample were noted. The swatches 
treated with glyceryl thiosulfate showed weight 
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gains whereas the swatches treated with pos 
tassium-bromate showed weightiosses as follows: 

Per cent change in Deight 

Potassium Glyceryl 
Bromate Thiosulfate 

-0.80 
-0.86 
w-0.59 
-0.5 

--0.55 
--0.75 
--0.54 
--0.76 
--0.63 

Mean --0. 65 

with ammonium thioglycolate 
the potassium brom i 
assumed that all swatc 
age of 0.7% in weight during reduction, then 
total gain in weight from the glyceryl thiosulfate 
treatment may be considered as 0.65 plus 0.70, or 
1.35%. : 
Eacample 7-A12” x 12' swatch of woolfiannel 

weighing 21.67 grams at 73°F. and 55% relative 
humidity was reduced in 149 grams of a solution 
having a pH of 9.3 and prepared by admixture 
of the following: 

Grams 
Mercapto ethanol.----. 45. 
Water ---------- 850 
Ammonia (NH3)------------------- 43.1 
10% solution of hydrogen peroxide 25 
Sodium bisulfite-call----- 35 
Alkyl benzene sulfonate- 0.4 
In the mixture thus formed the peroxide oxi 

dized the mercaptain (mercapto ethanol) to di 
sulfide and the sodium bisulfite reacted with the 
disulfide to produce mercaptain and the corre 
sponding organic thiosulfate. - - - - - - 

After the swatch was exposed to the solution for 
30 minutes at 110°F, it was removed, rinsed with 
water under the faucet, and then rinsed for 20 
minutes in a vigorous flow of running water. 

3.5 grams of propylthiosulfate were dissolved 
in 150 ml. of water and the reduced and rinsed 
wool swatch was soaked in this solution for 21% 
hours at 100° F. The swatch was then rinsed 
for 1% hours in running water, and then sub 
jected to the washing procedure described in Ex 
ample 3, along with a swatch of a corresponding 
sample of untreated wool flannel. 
The original wool flannel showed an area 

shrinkage of about 30%, but the sample which was 
treated with propylthiosulfate after reduction 
shrank only 6%. s 
When the treated and original wool swatches 

were soaked in a bath containing 0.75% of sul 
fone acid blue B dye for the same length of time, 
the treated swatch accepted and adsorbed the 
dye more readily as was indicated by its deeper 
blue color. - - - - - - - - 

In an auxiliary example a swatch of the same 
wool flannel was reduced and subsequently treated 
with a solution of 5 grams of n-octyl thiosulfate 
dissolved in 150 ml. of water. After the treated 
swatch was rinsed it was subjected to the 
standardized washing procedure and an area. 
shrinkage of only 2%, as compared with 30% for 
the original cloth, was noted. -- 

Eacample 8-Two swatches of wool, each 34' 
x 3%', were cut from a piece of wool flannel 
which had been previously extracted with pe. 
troleum ether and alcohol. Each swatch weighed 
about 1% grams. One swatch was covered with 
a commercial hair waving lotion containing abol 

2,815,782 
6% ammonium thioglycolate and a small amount 
of alkylbenzene-sulfonate to increase wetting ac 
tion. The second was covered with distilled 
water containing the same amount of alkylben 
zene sulfonate. Both swatches were heated for 
about 20 minutes at 100 F. in the respective 
solutions and then rinsed for 1% hours in run 

0 

-20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

ing water. - 
The swatch of wool reduced with the am 

monium thioglycolate solution was placed in 300 
ml. of water containing 0.5 gram of sodium penta 
chlorobenzyl thiosulfate and heated for 16 hours 
at 100 F. . . . . 
The control sample was immersed in 300 ml of 

water and heated at 100°F. for 16 hours. This 
latter swatch and that treated with pentachloro 
benzyl thiosulfate were each separately rinsed in 
running water for 4 hour and extracted for 6 
hours in a Soxhlet extractor with ethanol. 

Both swatches were then subjected to attack 
by mold Chaetomium globosum. That swatch 
which had been reduced and neutralized with the pentachlorobenzyl thiosulfate was definitely 
more resistant to attack by the mold than was 
the control swatch. 

Eacample 9-A swatch of wool flannel approxi 
mately 11’ x 13' and weighing 20.90 grams at 
73° F. and 55% relative humidity was reduced at 
115 F. for 30 minutes with 162.5 grams of a 
commercial hair waving lotion containing about 
6% ammonium thioglycolate as the reducing 
agent. The thus treated swatch was rinsed for 
20 minutes in running water, then pressed damp 
dry in a towel. It was then soaked in a mixture 
of 13 grams of 33.6% disodium carboxymethyl 
thiosulfate and 137 grams of water for 3% hours 
at 166° F. 

After the treated swatch of wool cloth was 
thoroughly rinsed and dried, it was dropped into 
a beaker of distilled water simultaneously with 
a sample of the original wool flannel. The re 
duced Swatch which was reacted with disodium 
carboxymethyl thiosulfate was more easily wet 
by water than the original wool, as shown by its 
tendency to absorb water more rapidly. 
When a swatch of the same wool flannel above 

employed was treated with a mixture of sodium 
thiohydracrylate (mercaptan) and disodium car 
boxymethyl thiosulfate, such that the ratio of 
mercaptain to thiosulfate was 1:1.6, the total 
solids of the solution being about 11% of a total 
weight of 134 grams and treatment being for 16 
hours at room temperature, a gain in weight of 
1.4% was observed after the treated sample was 
rinsed and dried. This swatch of treated wool 
flannel was also more easily wet than the original 
wool. 

Eacample 10-48 wool socks which had not 
been shrinkproofed were soaked in water to re 
move the temporary set imparted in manufacture. 
24 of these socks were then retained as controls 
and the remaining 24 were reduced with the fol 
lowing reducing solution, about 250 ml. of lotion 
per sock being employed: 
2 parts mercaptoethanol 
1 part ammonium sulfite- (NH4)2SO3 
0.5 part dithiodiethanol 
Water and ammonia to bring to 100 parts and a 
pH of 9.3 

'After reduction the socks were rinsed about 30 
minutes in running water and then treated with 
either sodium lauryl thiosulfate or sodium car 
boxymethylthiosulfate, about 250 ml, of 2.4% 
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thiosulfate solution being used per sock. Treat 
ment may be summarized as follows: 

cedure of Example 3. 
8 
Shrinkage amounted to 

only 10% as compared with 39% shrinkage in the 
Reducing Lotion 

Percent 
Gain in 
Weight 

Thiosulfate Neutralizer Teap. No. Sox s' Time Tenp., solution Time, hr. F. 
(Min.) o F. 

l6-------- 30 00 C15- 660 100 
7-10------- 30 100 12H25- 0.17 149 
15-18----. 3 100 12H25- 0.083 100 
19-24------ 3 100 C12H25- 4.0 100 
11-14------ 30 100 COOHCH- 3.0 20 

Some but not all of the gain in weight of the 
socks treated with sodium lauryl thiosulfate was 
due to the attending formation and mechanical 
retention of a precipitate of lauryl disulfide. 
After several washings of the treated and con 

trol Socks in a home washing machine under nor 
mal laundering conditions, the control Socks were 
shrunk to the point of being unwearable. The 
treated socks, however, were shrink resistant and 
did not shrink more than commercially available 
shrink resistant socks which had been obtained 
from the same manufacturer who supplied the 48 
original socks and which were carried along in 
the test for comparison. 
The socks treated with the organic thiOSulfates 

(Nos. 11-24) and the commercially available 
shrink resistant socks were distributed to users 
for a wear test and samples treated with either 
thiosulfate wore as Well as the commercia San 
ples used for comparison. 
Socks which had received the treatment with 

thiosulfate were compared with untreated Socks 
and with the commercially available shrink re 
sistant socks for alkali solubility by exposure for 
1 hour at 65° C. to 0.1. N. sodium hydroxide Solu 
tion, followed by good rinsing and drying. The 
loss in weight of the treated Socks was equal to or 
less than that of the original Socks before treat 
ment (11.7%) but was appreciably less than that 
loss in weight (26.2%) noted in the case of the 
commercially available shrink resistant socks. It 
is evident from these data, that the treatment in 
accordance with this invention did not adversely 
affect or damage the Wool as measured by alkali 
Solubility. 

Eacample 11-117 parts of sodium chloracetate 
and 250 parts of sodium thiosulfate were mixed 
with 458 parts water. The mixture was refluxed 
for about 8 hours, the solution being kept slightly 
alkaline by the addition of sodium hydroxide solu 
tion from time to time. The resulting solution 
was cooled and sufficient Water was added to 
bring the total to 865 parts. During the heating 
of the mixture at reflux temperature, at least 
Some mercaptain was formed by hydrolysis of the 
organic thiosulfate formed in the reaction. 
A piece of wool flannel cloth, 6' x 6', was ex 

posed to a mixture of 40 grams of the above solu 
tion and 160 grams of Water for 10 minutes at a 
temperature of 149 F. The pH of the mixture 
was about 8. After the sample of wool flannel was 
thoroughly rinsed it was subjected to the washing 
procedure described in Example 3. The amount 
of Shrinkage occurring during the washing pro 
cedure was only 9% as compared with 26% 
shrinkage in the case of a sample of the original 
wool cloth similarly treated except for the treat 
ment with the above solution. 
Another piece of wool flannel was exposed to a 

mixture of 40 grams of the above solution and 
160 grams of Water at a pH of about 8 for 3 
hours at 120°F. After the sample of flannel cloth 
was rinsed, it was subjected to the Washing pro 
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The gain in weight was 5%. 

case of an untreated sample of the same wool 
cloth. In this latter treatment a strand of hair 
was threaded through the wool cloth prior to 
treatment, and examination of the hair after 
treatment indicated little or no damage by con 
tact with the solution. 

Eacample 12-A swatch of wool flannel, 6' x 6', 
was oven dried, weighed, and then reduced for 30 
minutes at room temperature in an excess of the 
reducing. Solution described in Example 10. The 
reduced Wool was rinsed for 20 minutes in run 
ning water, then Soaked in 200 grams of a 3% 
solution of ammonium lauryl thiosulfate for 73 
hours at 100 F. The piece of flannel was then 
rinsed and air dried and extracted with alcohol 
in a continuous Soxhlet extractor. The oven 
dried cloth showed a gain in weight of 8.3%. 
When the cloth was reduced again with the 

Same solution, then rinsed, dried, alcohol ex 
tracted and weighed, the gain in weight previous 
ly observed disappeared. This loss in weight is in 
terpreted to mean that the organic radical 
chemically combined in the keratin molecule was 
liberated as mercaptain which was removed by 
extraction with alcohol. 

Eacample 13.-Two parts sodium bisulfite and 1 
part Sodium lauryl thiosulfate were mixed with 
Sufficient Water and ammonia to make 100 parts 
and to give a solution having a pH of 5.5. A 
6' x 6' swatch of wool flannel, which had been 
previously extracted with ethanol, was oven dried 
and weighed, then Soaked in 100 ml. of the above 
Solution for 16 hours at 100 F. The treated 
cloth was then rinsed in running water, extract 
ed with ethanol, air and oven dried, and weighed. 

Area shrinkage in 
the Washing of this sample by the procedure of 
Example 3 was only 13% as compared with the 
shrinkage of 40% in the case of an untreated 
sample of the same cloth. 

Eacample 14-Two parts of sodium hydrosulfite 
were dissolved in 80 ml. of water and brought to a 
pH of 9 with concentrated ammonia water. One 
part of Sodium lauryl thiosulfate was then added 
and Sufficient water was introduced to bring the 
weight to a total of 100 parts. A 6' x 6' swatch 
of Wool flannel, previously alcohol extracted, oven 
dried and weighed, was soaked in the solution 16 
hours at 100 F. After the treatment the fabric 
was rinsed thoroughly in water, alcohol extracted, 
air and oven dried, and again weighed. The gain 
in weight was 2.4%. The area shrinkage in wash 
ing the fabric in accordance with the procedure of 
Example 3 was only 11% as compared with a 
shrinkage of 40% in the case of a sample of un 
treated wool flannel from the same source. 

Eacample 15-Two parts of thiourea peroxide 
and 1 part of Sodium lauryl thiosulfate were mixed 
With Water and ammonia to a total weight of 100 
parts and an alkalinity of pH 8. A 6' x 6' swatch 
of wool flannel, previously alcohol extracted and 
oven dried and weighed, was exposed 16 hours at 
100° E. The treated fabric was rinsed thorough 
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ly, in water, alcohol extracted, air and oven dried, 
and again weigh he gain in weight was 6.2%. 
The fabric shrank 19% during the washing pro 
cedure described in Example 3, while an untreat 
ed sample of the same wool flannel shrank 40%. 

Eacample 16. 1024 parts of a 25% solution of 
disodium carboxymethylthiosulfate and 12 parts 
of a 54% solution of ainmonium hydrosulfide 
were combined with sufficient water and acetic. 
acid to bring the weight to a total of 200 parts 
and the alkalinity to a pH of 9.3. Swatches of 
wool fannel, each 6' x 6', were exposed to the 
solution at 100°F. for 1 minute, 5 minutes, and 
40 minutes. After exposure the fabrics were 
thoroughly rinsed in running water for 1 hour, 
then dried. The amount of shrinkage due to 

with the procedure of Ex washing in accordance 
ample 3 was as follows: 

Percent 
Area Shrinkage Time of Exposure 

The invention as exemplified by the above ex 
amples is subject to many variations. For exam 
ple, the method by which the keratin is reduced 
to form sulfhydryl groups is not critical in 
achieving the advantages of my invention, and 
any of the conventional sulfur-containing reduc 
ing agents can be employed. The choice of the 
reducing agent is of course dependent at least in 
part on the particular application of the invent 
tion. In the treatment of living human hair, for 
example, it is preferable to use mercaptains such 
as thioglycerol or thioglycolic acid which have 
been tested and found to be operative with mini 
mum undesirable damage under the conditions of 
reduction. As used herein, throughout both the 
specification and the claims, the term "mercap 
tan” refers to a compound containing the sulfur 
analogue of an alcoholic hydroxy group, i. e. the 
thiol group (-SH), attached to an aliphatic car 
bon atom. In other words, thiophenols are spe 
cifically, excluded from the scope of the word 
mercaptain which can be considered here as being 
limited to alkyl, alkenyl, and substituted alkyl 
and alkenyl thiols. A much wider choice of re 
ducing agent is of course available in the treat 
ment of wool, and inorganic sulfides, hydro 
sulfides, sulfites, hydrosulfites, as well as hydro 
gen sulfide and compounds like thiourea, peroxide 
can be employed with success in addition to the 
mercaptains. r 
Time, temperature, concentrations, and other 

conditions necessary for adequate degree of re 
duction have already been explored by those 
versed in the art and discussion of these details 
here does not seem necessary for a clear under 
standing of the invention. It is sufficient to say 
that conditions should be chosen so that at least 
some reduction of the keratin disulfide is effected 
without objectionable degradation of the material 
undergoing treatment. The actual degree of re 
duction should preferably be controlled in keeping 
with the amount of organic thiosulfate to be com 
bined with the wool. In those case, for example, 
where the introduced organic group has fluores 
cent, sanitizing, dyeing, etc. properties, a low de 
gree of introduction is adequate and a correspond 
ing low degree of reduction is sufficient. In 
shrinkproofing, however, a somewhat greater de 
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gree of introduction of the organic group is ad 
visable and the amount of reduction may vary 
from n, depending on the 5 percent to completior 
degree of shrinkproofing desired, which in turn 
will depend on the nature of the organic thio 
sulfate and on the amount combined with the 
WOOl. v 

In the practice of the essential step of the pres 
ent invention, that is, treatment of the reduced 
keratin with the organic thiosulfuric acid or 
water-soluble salt of same, a wide variety of 
treating agents can be employed. These may be 
generically identified as alkyl (-CnH2n+1), alke 
nyl (-CnH2n-1) and substituted alkyl and alkenyl 
thiosulfates, the term “thiosulfate' being em 
ployed to include the acid (hydrogen thiosulfate) 
as well as water-soluble salts. As far as I am 
aware the invention is operative irrespective of 
the nature of substituent groups of the alkyl or 
alkenyl radical, organic (aliphatic or aromatic) 
or inorganic, provided the thiosulfate is water 
soluble, and it is to be noted that even though 
Substituent groups may include halogen atoms, 
these halogen atoms are un-ionized, and reaction 
preferentially takes place with ions formed on 
ionization at the thiosulfate radical. Thus di 
sulfide linkages are formed instead of thioether 
linkages. 
Straight chain alkyl and alkenyl thiosulfates 

such as propyl, lauryl and oleyl thiosulfates, as 
well as compounds having side chains in the 
alkyl radical such as isopropyl and tertiary butyl 
thiosulfates, can be successfully employed and 
the number of carbonatoms in the alkyl, alkenyl 
or substituted alkyl and alkenyl radicals can vary 
over a wide range provided the thiosulfate is 
water-soluble. In this connection organic thio 
sulfates having from 1 to 18 carbon atoms are 
soluble in water and are useful in the practice 
of the invention. Of course a greater number of 
carbon atoms in the organic group can be toler 
ated when weekly ionized water-solubilizing sub 
stituents, such as OH, COOH, and NH2, are pres 
ent in the radical. 
The physical properties of the modified prod 

ucts of my invention will vary depending at least 
in part on the character of the organic radical 
introduced, the nature of the substituent groups 
showing particular influence. Thus, partly in re 
view, I have found that improved wettability is 
imparted to wool by the introduction of a low 
molecular weight organic radical containing a 
substituent carboxyl group (e. g. use of carboxy 
methylthiosulfate). Greater receptivity to color 
dyeing has been noted in the case of wool which 
has been reduced and treated with propyl thio 
sulfate in accordance with my invention. The 
use of glyceryl thiosulfate and lauryl thiosulfate 
to fix reduced hair in permanent hair waving has 
been observed to impart improved luster and feel 
to living human hair. By 'living' hair is meant 
hair which is still attached to the living body, 
from the cells of which it grew and developed. In 
addition, the process of my invention provides 

5 means for effecting changes in the physical prop 
erties of wool by the introduction of organic rad 
icals having, for example, fluorescent or germi 
cidal properties. It is to be noted that in all cases 
where organic radicals have been combined with 
the keratin of wool through the disulfide linkage 
in accordance with my, invention, increase in 
weight of the reduced wool after treatment with 

The process of my invention is conducted in 
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aqueous medium, thereby permitting ready ion 
ization of the thiosulfate and the reduced keratin. 
and establishing conditions favoring rapid and 
complete reaction. 
The hydrogen ion concentration of the Solu 

tion containing the thiosulfate is preferably 
maintained at a pH from about pH 7 to about pH 
9.5 during contact with the reduced keratin sub 
stance, but a wider range of hydrogen ion Con 
centration can be employed, such as pH 4 to pH 
10.5 provided due precautions are observed as to 
concentration and temperature of treatment 
whereby damage and degradation of the keratin 
containing substance is held at a minimum. In 
the case of the treatment of reduced living hair 
alkaline conditions effected by use of ammonia, 
or Substituted ammonium compounds are pre 
ferred, but in the treatment of reduced wool, al 
kalinity may be effected when desired by judi 
cious use of other alkalizing materials such as 
sodium or potassium hydroxide. Under alkaline 
conditions, of course, appropriate water-Soluble 
thiosulfate Salts are preferably used. 
The temperature at which the thiosulfate is 

reacted with the reduced keratin is not critical, 
room temperature to 100 F. being preferred. 
However, depending on the stability of the Or 
ganic thiosulfate, higher temperatures, for ex 
ample up to about 212 F., may be employed and 
such temperature will be found to be advan 
tageous in certain situations wherein a high rate 
of reaction is essential, but more accurate con 
trol of the reaction must be exercised in order to 
prevent undesirable side reactions which may 
occur at the higher temperatures, especially if 
the alkalinity of the solution is pH 9 or above. 
If complete reaction between the Organic thio 
sulfate and the reduced keratin is desired, the 
duration of the contact may be determined by 
periodically subjecting the keratin-containing 
Substance under treatment to the conventional 
nitroprusside test and continuing contact with 
the organic thiosulfate until a negative test for 
Sulfhydryl is obtained. The actual time for the 
reaction will vary, of course, depending on tem 
perature, concentration, and nature of the thio 
Sulfate. 

In the above examples I have shown that the 
reaction with Organic thiosulfate in accordance 
with the invention may be conducted separately 
On reduced keratin, or simultaneously with the 
reducing step by employment of a solution con 
taining both a reducing agent such as mercaptain 
and also the thiosulfate. In this latter pro 
cedure the mercaptain is available for chemical 
reduction of the keratin-containing substance to 
form sulfhydryl groups and the thiosulfate is 
available for reaction with the reduced keratin 
Whereby the new disulfide linkages are formed. 
Thus some of the reduced keratin can imme 
diately react with the thiosulfate, advantageously 
minimizing excessive reduction and consequent 
damage. Such solutions in which the reducing 
agent is a mercaptain are covered in my appli 
cation Serial No. 211,183, filed February 15, 1951. 
Of the solutions disclosed in the above applica 
tion, those in which the molar amount of thio 
sulfate including mixtures of different thiosul 
fates is greater than the molar amount of mer 
captain find especial use in the practice of the 
one-step process herein referred to. In the case 
of those solutions which are adapted for use in 
this one-step process, compatibility of the mer 
captain and thiosulfate is advantageous, that is, 

5 

10 

15 

20 

25 

30 

40 

-50 

55 

60 

65 

70 

12 
in the equilibrium reaction occurring on com 
bination of thiosulfate with mercaptain be sol 
uble in aqueous medium. Complete and per 
manent solubility, however, is not essential 
because the solutions can be employed with Suc 
cess at any time prior to the formation of a 
precipitate of insoluble disulfide. Moreover, one 
step treatments of keratin-containing substances 
such as hair or wool to form kSSR were success 
fully carried out when the disulfide correspond 
ing to the thiosulfate employed was insoluble, 
especially by use of reducing agents which are 
compatible with the thiosulfate, which are ca 
pable of reacting With the disulfide linkages of 
keratin to produce Sulfhydryl groups but which 
are non-sulfhydryl themselves, as for example 
aqueous solutions of thiourea, peroxide, of Water 
Soluble Sulfites and bisulfites, and of water-Sol 
uble hydrosulfites in alkaline medium. Gains in 
weight and resistance to shrinkage resulted from 
treatments in accordance with this latter pro 
cedure, and such treatments, as well as mixtures 
of such reducing agents with thiosulfates Suit 
able for use in the treatments, are contemplated 
as part of the present invention. 
It is my belief that the products of the reac 

tion hereinabove described represent new and 
useful products in the art and my belief that or 
ganic groups are combined with the keratin 
through a disulfide linkage is supported by re 
produced evidence showing (1) a gain in weight 
on treatment of wool in accordance with the 
process, (2) an improved luster and condition . 
of hair treated in accordance with the process, 
and (3) a greater shrink resistance possessed by 
wool treated in accordance with the process as 
Compared with the shrink resistance of reduced 
wool, and unreduced wool treated with thio 
Sulfate. 

Having thus described my invention in such 
manner that the nature thereof may be fully un 
derstood by others, I declare that what I claim is: 

1. In the process of treating keratin-contain 
ing substance to modify chemical and physical 
characteristics thereof, wherein the said Sub 
stance is Subjected to the action of a Sulfur-con 
taining reducing agent and disulfide linkages of 
keratin are converted to sulfhydryl groups, the 
separate step of reacting the previously reduced 
keratin at a pH from about 4 to about 10.5 with 
an aqueous solution of at least one organic thio 
sulfate of the group consisting of alkyl, alkenyl 
and substituted alkyl and alkenyl thiosulfuric 
acids and water-soluble salts of same to convert 
reduced keratin to disulfide containing the or 
ganic group of said organic thiosulfate. 

2. Process of claim 1 in which the reduced 
keratin is rinsed substantially free of reducing 
agent before reaction with the thiOSulfate. 

3. Process of claim 1 in which the reaction 
with the thiosulfate is continued until sulfhydryl 
groups are substantially eliminated. 

4. Process of claim 1 in which the thiOSulfate 
is a carboxy alkyl thiosulfate. 

5. Process of claim 1 in which the reduced 
keratin is reduced wool keratin and the thiosul 
fate is a carboxy alkyl thiosulfate. 

6. Process of claim i in which the thiosulfate 
is an alkylthiosulfate having from 1 to 18 car 
bon atoms in the alkyl radical. 

7. Process of treating keratin-containing sub 
stance to modify chemical and physical char 
acteristics thereof which comprises contacting 
the keratin-containing Substance with an 

it is desirable that all disulfides which are formed 15 aqueous solution at pH4 to 10.5 of a mercaptain 
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and more than an equimolar amount of thio 
Sulfate made up of at least one organic thiOSul 
fate of the group consisting of aikyl, alkenyl and 
Substituted alkyl and alkenyl thiosulfuric acids 
and Water-soluble salts of same, and rinsing the 
Solution from the treated keratin-containing 
Substance. 

8. Process of claim 7 in which the mercaptain 
is a thioglycolate, the thiosulfate is carboxy 
methyl thiosulfate, and the pH of the solution 
is from pH 7 to pH 9.5. 

9. Process of forning disulfide linkages in re 
duced hair which comprises treating the previ 
ously reduced hair with an aqueous Solution of 
at least one thiosulfate of the group consisting 
of alkyl, alkenyl and substituted alkyl and al 
kenyl thiosulfuric acids and water-Soluble saltS 
of Sane. 

10. Process of claim 9 in which the thiOSulfate 
is laury thiOSulfate. 

1. Non-living keratin-containing fiber in 
Which at least Sorne disulfide linkages are of the 
type 

A-S S-V k' 

R. R. W. 

wherein k and ic' represent polypeptide chains, 
R is selected from the group consisting of alkyl, 
alkenyl and Substituted alkyl and alkenyl 
radicals, and n is a number greater than 1. 

12. Non-living keratin-containing fiber of 
claim 11 in which R, is alkyl having from 1 to 18 
Carbon atOnS. 

i3. Non-living keratin-containing 
claim in Which R is laury. 

4. Non-living keratin-containing fibers of 
claim 1 in which R, is carboxymethyl. 

15. As a new composition a mixture of a Sulfur 
containing but non-sulfhydryl water-Soluble re 
ducing agent for keratin and at least one Water 
Soluble organic thiosulfate of the group consist 
ing of alky, alkenyl, and substituted alkyl and 
alkenyl thiosulfates. 

16. Composition of claim 15 in which the re 
ducing agent is thiourea, peroxide. 

17. Composition of cairn 15 in Which the re 
ducing agent is a water-soluble sulfite. 

18. Composition of claim 15 in which the re 
ducing agent is a Water-soluble hydroSulfite. 

fibers of 
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4. 
19. Process of treating keratin-containing 

Substance to modify chemical and physical chair 
acteristics thereof which comprises contacting 
the keratin-containing substance With an 
aqueous solution at pH 4 to 10.5 of Sulfur-Con 
taining but non-sulfhydryl reducing agent in 
admixture with at least one thiosulfate of the 
group consisting of alkyl, alkenyl and Substituted 
alkyl and alkenyl thiosulfuric acids and Water 
soluble salts of sane, and rinsing the Solution 
from the treated keratin-containing Substance. 

JOHN W. HAEFELE. 
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